Searching PAJ 



1/2 -X—S? 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 07-183597 
(43)Date of publication of application r 21.07.1 995 



(51)Int.CI. 


HOIS 


3/094 


802B 


8/00 




G02F 


1/35 




HOIS 


3/07 




HOIS 


3/10 



(21) Application number : 05-323870 (71 )App!icant : SHIN ETSU CHEM CO LTD 

(22) Date of filing: 22.12.1993 ' (72)Inventor : KAMIYA KAZUO 

TAKANO SHINIGHI 



(54) OPTICAL F1SER LOOP FOR EXCITATION OF OPTICAL AMPLIFIER 
(57)Abstract: 

PURPOSE: To obtain an optical fiber loop for excitation of 
an optical amplifier which causes very little a microbending 
toss or a loss depending on a polarized light. 
CONSTITUTION: In an optical amplifier amplifying a signal 
light 101 by a stimulated emission light obtained by making 
the signal light 101 and an excitation light enter an optical 
fiber 1 for excitation doped with a rare-earth element an 
optica! fiber loop for excitation is constructed In such a 
manner that the optical fiber 1 for excitation is wound in the 
shape of a loop in a free space, so as to form a bundle, and 
a part or the whole of the loop is bonded by a bonding agent 
2 so that the bundle be fixed. Since the center of the 
optical fiber loop for excitation is located in the free space 
not containing a support such as a bobbin, no lateral 
pressure is applied to the optical fiber loop 1. By using this 
optica! fiber loop for excitation, therefore, the optical 
amplifier which is free from a change in the state of a 
polarized light, causes very little a loss depending on the 
polarized light and has a stable amplification factor can be 
constructed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[00013 

[Industrial Application] This invention relates to the optical fiber loop formation for excitation of 

the light amplifier used in the field of optical communication. 

[0002] 

[Description of the Prior Art] In the opticaf transmission system, after magnification of the 
lightwave signal decreased by !ong-dista/ice transmission once changes a lightwave signal into an 
electrical signal conventionally and carries out electric magnification, the approach of changing 
into a lightwave signal again is enforced. However, by such approach, in there being a limit, there 
is a problem that a system becomes complicated in the junction of the high capacity 
communication asked for rapidity. Recently, the light amplifier which can amplify a direct 
lightwave signal is being used, without changing optical communication into an electrical signal. 
An active element is excited with the excitation light by which incidence was carried out to the 
optical fiber for excitation which doped rare earth elements, such as an erbium, in the core 
section, and a light amplifier amplifies directly the signal light which passes through that by the 
induced emission. 

[0003] The light amplifier which used the optical fiber for excitation which doped the erbium as an 
active element fits the optical amplification for 1 ,55-micrometer band optical communication, and 
is already being put in practical use. Moreover, about the optical amplification for 
1,30-mtcrometer band optical communication, the optical fiber for excitation which doped 
neodtum and PURASEOJIUMU attracts attention, 

[0004] There is an optical isolator for removing the reflected light of the optical multiplexing 
machine for carrying out incidence of the power circuit, and the excitation light and signal light 
from the excitation light source for driving the excitation light source for exciting the active 
element other than the optical fiber for excitation and the excitation light source as a main 
component part of a light amplifier to the optical fiber for excitation, excitation light, or signal 
light etc. As a direction of incidence of the excitation light to the optica] fiber for excitation, there 
are front excitation excited from the incidence side to the rare-earth-elements dope optical 
fiber of signal light, back excitation excited from an outgoing radiation side, and bidirectional 
excitation excited from an incidence and outgoing radiation side, and it can respond like an 
activity eye of a light amplifier, respectively, and can use properly. 

[0005] Die length differs and the optical fiber for excitation which doped the rare earth elements 
used for a light amplifier is variously adopted by the concentration and fiber structure of an 
active element in a core from the less than 10cm tiling to the thing 200cm or more. In order to 



make the whole light amplifier compact, the optical fiber for excitation is twisted around the reel. 
[0006] 

[Problem(s) to be Solved by the Invention] When tt generally bends in a small path, the 
transmission loss called macro bending loss generates the optica! fiber of a single mode. 
Transmission loss becomes large, so that a bending diameter is so smalt that curvature is large. 
Since the rare-earth-elements dope optical fiber used as an optical fiber for excitation of a light 
amplifier is an optical fiber of a single mode, it has a limit that the diameter of bending is not made 
to below constant value. Furthermore, recently, since changing signal luminous intensity is known 
and it becomes the cause of degradation of a transmission characteristic according to the 
polarization condition of the signal light which transmits an optical transmission system, it has 
been required that loss resulting from an optical device and the polarization dependency of a 
transmission line should be made small as much as possible. 

[0007] Generally the optical fiber for excitation is twisted around the bobbin with a diameter of 
several cm or the reel. The threshold value in which a micro bending loss generates the path to 
twist with the optical fiber property of the diameter of mode FIRUPO and cut-off wavelength of 
the optical fiber for excitation differs. Those elements are considered and it is usually twisted 
around reels made from plastics, such as polypropylene with a diameter of about 45mm or more 
and polyethylene, thus, a reel or a bobbin — a volume — the price — **** — excitation — ** ~<- 
an optical fiber — the loss depending on polarization was considered in the detail about the loop 
formation. Consequently, it was found out that it is one of the causes by which a lateral pressure 
is added from peripheral faces, such as a reel, to the loop formation of the optical fiber for 
excitation, an optical fiber produces distortion and this produces a polarization condition. Since 
this lateral pressure changes with temperature fluctuation, it will be twisted around a reel, and 
the loss which depends for an optical fiber on polarization will also be changed. 
[0008] It was made in order that this invention might solve such a trouble, and it aims at offering 
the optical fiber loop formation for excitation of the very small light amplifier of a micro bending 
loss or a polarization dependence loss. 
[0009] 

[Means for Solving the Problem] The optical fiber loop formation for excitation of the light 
amplifier which applies this invention for attaining this object In the light amplifier which amplifies 
said signal light with the induced emission light which is made to carry out incidence of signal 
light and the excitation light to the optical fiber 1 for excitation which doped rare earth elements, 
and is obtained as shown in drawing 1 corresponding to an example Said optical fiber 1 for 
excitation is rolled in the shape of a loop formation in free space, a bundle is formed, a part or all 
of a loop formation pastes up with adhesives 2, and the bundle is being fixed. 
[0010] 

[Function] Since the bundle has fixed the optical fiber loop formation 1 for excitation of a light 
amplifier with adhesives 2 by the condition of having been wound in the shape of a loop formation, 



without including base materials, such as a bobbin, at the core, a lateral pressure is not added 
from a core to the optical fiber loop formation t. Therefore, the loss which fluctuation of a 
polarization condition does not have, either and is dependent on polarization can constitute a 
very small light amplifier. 
[0011] 

[Example] Hereafter, a drawing explains the example of the optical fiber loop formation for 
excitation of the light amplifier which applies this invention to a detail. 

[0012] Drawing 1 is the side elevation of the whole used as the fight amplifier using the optical 
fiber loop formation for excitation which is the example of this invention. It consists of this 
example as amplifier for carrying out optical amplification of the communication link light with a 
wavelength of 1.55 micrometers. 

[0013] The optical fiber loop formation 1 for excitation of this example is manufactured as follows. 
The reel of the outer diameter of 60mm which attached the dismountabla flange, and the product 
made from width-of-face Teflon of 8mm is prepared beforehand. After twisting the fiber which 
doped ERUBIYUUMU with a die length of 80m to the quartz glass of a core as an optical fiber for 
excitation about 400 times in the condition that there is almost no tension in the reel, the 
ultraviolet curing mold silicone denaturation epoxy adhesive 2 is applied to a periphery, and 
ultraviolet rays were irradiated and were stiffened. After hardening, the flange of a reel was 
removed and the fiber was taken out in the state of the bundle. The acquired optical fiber loop 
formation 1 is pasted up with adhesives 2, and the bundle is being fixed. Fusion splicing of the end 
of the optica! fiber loop formation 1 is carried out to the optical multiplexing machine 3, and an 
end is already connected to an optical isolator 4, The optical fiber connected with optical fiber 9a 
for a communication link and the excitation light source 5 is connected to the input side of the 
optical multiplexing machine 3. Optical fiber 9b for a communication link by the side of outgoing 
radiation is connected to the output of an optical isolator 4. Thus, a light amplifier is constituted 
by the optical fiber loop formation 1 for excitation. 

[0014] It is the communication link light 101 with a wavelength of 1,55 micrometers with the light 
amplifier of the above-mentioned example shown In drawing 1 . Incidence is carried out to optical 
fiber 9a for a communication link, incidence of the light with a wavelength of 1.48 micrometers is 
carried out from the excitation light source 5, and it is the outgoing radiation communication link 
light 1 02. Magnification gain was searched for by measuring reinforcement Under the present 
circumstances, fluctuation of an output light according signal light to a polarization condition was 
measured with the actinometer 7 by the **** controller 6 (refer to drawing 2 ). fluctuation of 
magnification gain was 0,1 dB or less. 

[0015] Furthermore, with the light amplifier of the above-mentioned example, the optical fiber 
loop formation 1 to which the bundle is being fixed with adhesives 2 was contained to the 
temperature adjustable thermostat 8, as shown in drawing 2 , and the thermo-cycle trial at -40 
degrees C - 85 degrees G was performed. Fluctuation of magnification gain was O.SdB or jess. 



[0016] For the comparison, the light amplifier of the example of a comparison was made as an 
experiment using the optical fiber loop formation for excitation besides application of this 
invention as follows, and the engine performance was evaluated. 

[001 7] After twisting ERUBIYUUMU dope quartz glass fiber with a die length C of the same 
property as the above-mentioned example ] of 80m about 400 times in the condition that there is 
almost no tension in the reel made from polypropylene with an outer diameter [ of 60mm 1 and a 
width of face of 8mm, it considered as instead of [ of the optical fiber loop formation 1 for 
excitation which fixed only the end fiber to the reel and was used in the example ], The light 
amplifier of the example of a comparison was constituted like the example except changing the 
optical fiber loop formation for excitation in this way. 

[001 8] Magnification gain was searched^for for the light amplifier of the example of a comparison 
on the same conditions as the case of said example. Consequently, fluctuation of magnification 
gain was the same as the case of an example at 0.1 dB or less. Furthermore, the optica! fiber loop 
formation of the light amplifier of the example of a comparison was contained to the temperature 
adjustable thermostat 8, and the thermo-cycle trial was performed on the same conditions as the 
case of said example. It was 3>2dB, and fluctuation of the magnification gain of this example of a 
comparison was compared with fluctuation (O.SdB or less) of the magnification gain of said 
example, and was substantially bad. 
[0019] 

[Effect of the Invention] As mentioned above, as explained to the detail, since the optical fiber 
loop formation for excitation of the light amplifier of this invention is maintaining the shape of a 
toop formation in free space, it produces the loss which a lateral pressure is not added and 
originates in a polarization dependency, and does not have things. Therefore, the magnification 
property extremely stable [ the light amplifier's which used this optical fiber loop formation for 
excitation J will be acquired. 
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